I. Introduction
Renewable energy sources (RES) hase experienced a fast development in recent years. Those systems employ with micro sources like PV, fuel cells etc. Though PV cells can be made into array and connected in series to produce high voltage they exist serious problems like shadowing effects, short circuit which drastically reduces its efficiency. In order to overcome such effects this micro source energy is utilized by the high step up converter to produced high voltage and satisfy the demands. Conventional boost converters can"t provide such a high DC voltage gain for extreme duty cycle.In the last few decades, there has been a drastic increase in the demand for electricity. This has rapid use and depletion of fossil fuels. These factors have led the researchers to renewable energy sources such as wind, solar PV and fuel cell stack. Solar Photovoltaic (PV) and fuel cell energy sources play a prominent role among the existing renewable sources poses major challenges such as: (a) Optimal utilization of the source due to their non-linear characteristics (e.g. Maximum Power Point Tracking (MPPT) is required to track maximum available power from a PV source); (b) They are usually operated at low output voltage levels (typ. 25-50V) because of safety issues. This makes their application to the grid connected systems and some stand-alone loads difficult because of large voltage boosting is required. Use of conventional dc-dc converters has the following disadvantages: 1. It causes large peak current to flow on the input side, which adversely affects the magnetic components and results in high losses. 2. It causes large voltage to appear across the switch. As the on state resistance of a switch depends on its voltage rating [RDS(on)VDS 2], the conduction losses increase. Due to large duty cycle, the losses in parasitic resistances of inductance and capacitance also increase. 3.Diode reverse recovery becomes a major concern. In view of the above, there is clearly a need to develop and use special high gain, high efficiency dc-dc converters to implement MPPT and to step up voltage level. Several circuit topologies have been proposed in the past [3] [4] [5] [6] for this application. They follow one or more of the following philosophies to achieve high voltage at the converter output. Energy conversion efficiency of solar PV is quite low (about 12-25%) [24] . Therefore, it is essential to use a highly efficient power conversion system to utilize the PV generated power to the maximum. The proposed high gain dc-dc converter configuration is shown in Fig. 3 . It consists of one passive clamp network, a coupled inductor (L1,L2) and an intermediate capacitor apart from other components The symbol VPV represents the PV voltage applied to the circuit. S is the main switch of the proposed converter. The coupled inductor's primary and secondary inductors are denoted by L1 and L2. C1 and D1 represent the passive clamp network across L1. The capacitor CO is the output capacitor while D3 is the output diode. The voltage VO is the average (dc) output across the load. The intermediate energy storage capacitor, C2 and the feedback diode D2 are connected on the secondary side.
II. Circuit Configuration And Operation Modes

CL FILTER
A device (usually a membrane or layer) that is designed to block certain objects or substances while letting others through.Due to the global energy challenge, grid-tied inverters for the renewable energy sources are becoming widely used today. They can be divided into voltage-source inverters (VSI) and current-source inverters (CSI), where the VSI is the dominant converter.
One of the reasons is the Voltage Source Inverter ( VSI) does not need to large inductor as the energy storage element, while the current Source Inverter (CSI) should adopt a larger inductor in order to keep the dc current constant for a proper modulation technique. The research related to Current Source Inverter (CSI) mainly focus on the control. So far, the total dc-link inductance for Current Source Inverter (CSI) is a challenge, especially in the low voltage and the three-phase applications area. Since the VSI is a step-down inverter and the Current Source Inverter (CSI) is a kind of step-up inverter, the Z-source inverters (ZSI) was proposed in order to fully utilize the basic character of Voltage Source Inverter (VSI) and Current Source Inverter(CSI) and the minimum semiconductors is used with the combined characters of the step-down and the step-up converters. However, compared to the Current Source Inverter( CSI) or theVoltage Source Inverter( VSI), the Z-Source Inverter Z(SI) has two extra inductors in the power loop, which may sacrifice the efficiency the control difficulty is also a demerit in the Z source impedance.
Full-bridge single-phase grid-tied inverters with the different power sources are introduced. And a new type of "buck in buck Converter, boost in boost Converter" grid-tied inverter is proposed and the operating principle is illustrated through a half-bridge inverter is equivalent circuits in the different working stages. Then, the modeling is carried out with a small signal model method. Based on this, the indirect current control method is introduced, when the inverter is working in the "boost" stage. 
A. Mode I (t0 < t < t1 )
The gain ratio, n is given by:
where, VL1 and VL2 represent the voltages across inductors L1 and L2. The operating modes for continuous conduction mode (CCM) are shown in Fig. 4 . Various operating modes are described below:
The switch (S) is turned on at the start of the converter operation. The current flows through the switch and the primary side of the coupled inductor (L1), energizing the magnetizing inductance (Lm) of the coupled inductor. The current path is as shown in Fig. 4 
B. Mode II (t2-t3):
The parasitic capacitance of the switch S is charged by the magnetizing current flowing through the inductor L1. The diode D2 remains forward biased and current continues to flow through this. Current path in this mode is shown in Fig. 4(II) .The magnetizing inductance current for this mode is given by the following equation:
C. Mode III[t2-t3]:
In Mode III operation, ip is higher than that of ib .Here also the Current ip has two loops. Parts of ip are equal to ib and flow into the buck converter, while the rest flow through S2 . The current direction in S2 is changed naturally, i.e., from drain to source. The voltage and current equations for vb , vp , ib , and ip are the same as (1) -(4). Current ib continuously decreases. On this period, ip keeps increasing. Since the buck converter is designed to operate at DCM, ib will decrease to zero at the end of this mode.
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Mode 4[t3-t4]:
This mode begins after the completion of recovery of the leakage energy from inductor L1. The diode D1 now becomes reverse biased while diode D3 remains forward biased in this mode. The current flows from the input side to the output side to supply the load as shown in Fig. 4 (IV). The current iLm flowing through secondary inductor (L2) is given by the following equation:
E. Mode V (t4 < t < t5 )
Mode 5[t4-t0]:
This mode begins by turning on switch S. The leakage inductor energizes quickly using the full magnetizing current while the parasitic capacitance across the switch discharges in this mode. The two diodes D1 and D2 are in reverse biased condition. The current flow path in this mode is shown in Fig. 4(V) . This mode ends when diode D3 becomes reverse biased and current flow through inductor, L2 changes direction. The secondary inductor current (iLm) continues to flow in this mode and current is given by: Since the current through an inductor. 
IV. Design Example And Experimental Results
An illustrative example for driving the 60 1-W high-brightness LEDs is provided. These light emitting diode (LEDs) are connected in series. The rated voltage and current of each LED are 3.6 V and 0.28 A, respectively. Table I lists the circuit parameter specifications. The input voltage is 110Vrms 10%. The switching frequency is about 50 kHz at rated power operation. In this design example, both buck and boost converters are designed to operate at discontinuous conduction mode ( DCM). The circuit parameters are designed as follows.
Table I: Circuit Specifications
The system specifications of the proposed converter developed in the lab are given in Table- II.
Table II: Specifications of the Laboratory Prototype Converter
Design Procedure: For the given input, output specifications, a suitable turns ratio is selected [Table II ] and the nominal duty cycle can then be calculated using (18). The value of the magnetizing inductance (Lm) can be derived from (10) . (36) where, rco is the parasitic resistance of the capacitor Co. Initially, we don"t know the value of Co. Hence, it is not possible to determine the value of rco. For initial calculation it is assumed that voltage ripple is 1% of Vo. The value of output capacitor is derived as below:
The minimum required value of output capacitance is derived as below:
All the voltage and current values are derived and calculated in Table III . Those values can be used for the selection of suitable MOSFET and diodes. The key circuit variables of the proposed converter prototype along with their expressions are given in Table III. For analytical calculations given in column 3 of Table III , d=0.5, Vi=45V, n=4 and fs=50kHz have been used. The hardware results shown in column 4 are for CCM operation and compare well with the steady state analytical calculations [column The experimental waveforms are shown in Fig. 6 . These are the measured waveforms under full load (400W) conditions with MPPT. A "TerraSAS" PV simulator is used as the PV source. For a given radiation level, the current drawn from the input PV source is nearly constant as shown in Fig. 6(a) . The current flowing through primary of coupled inductor (L1) is shown in Fig. 6(b) . The voltage across clamp capacitor (C1) and intermediate capacitor (C2) with input buffer capacitor across PV are also nearly constant as shown in Fig. 6(c) .The current and voltage waveforms of the clamp diode D1 are shown in Fig. 6(d) , which match with typical waveform ID1 shown in Fig. 5(h) . The current and voltage of intermediate diode D2 are shown in Fig. 6(e) , which compare reasonably well with Fig.  5(d) . The current and voltage waveforms of the output diode (D3) are shown in Fig. 6(f) . The nature of current through the output filter capacitor is shown in Fig. 6(g) , which compares well with the typical simulation waveform shown in Fig. 5(g) . According to the calculation VDS is 80V for a 450V output voltage, which matches closely with Fig. 6(h) . The output current of the converter is shown in Fig. 6(i) . An interesting benefit of the proposed converter is that it incurs "low loss switching" during turn ON, without any extra circuit arrangement. The leakage energy is recycled by the passive clamp circuit. So, the current flowing through the switch starts from zero during turn ON. Experimental verification of low loss switching feature of the proposed converter is depicted in Fig. 7(a) , which makes turn-ON losses almost zero. The result shown in Fig. 7(b) is for a load step down from 400W to 40W, to show transient stability of the converter. The output voltage of the converter is stable even with the change of load from 100% to 10%. A picture of the experimental prototype is Fig. 7 (c). Efficiency plot with respect to load variation of the proposed converter is shown in Fig. 8(i) . The efficiency plot of the proposed converter is compared with conventional push-pull converter having identical inputoutput voltage ratings (Vi=40V; Vo=400V) and operating frequency (50kHz). Full load (400W) efficiency of the converter, obtained from experimentation, is 96% (maximum 97% at lighter load). A comparison is also shown with conventional, hard switched push pull converter (of identical rating, operating frequency and input/output voltage specifications) with and without active clamp across the main switch. The proposed system shows a higher efficiency under all load conditions. Fig. 8 (ii) shows a plot of gain versus losses by varying the turns ratio of the coupled inductor while duty cycle of the dc-dc converter is held constant at 0.5. Fig. 8(iii) shows the gain versus loss curve as the duty cycle of the dc-dc converter is varied (with turns ratio of the coupled inductor held constant at 4).
V. Conclusions
The high gain, high efficiency converter proposed in this paper is highly suitable for low output voltage sources (e.g. solar PV, Fuel Cell Stack, Battery). Fig. 6 ] is found to be between 0 to 5%. This could be attributed to measurement errors, presence of parasitics and use of imprecise values of circuit components for experimentation. The trend shown in the plots of Figs. 8(ii) and 8(iii) suggests that a good way to design and use the proposed converter would be to use turns ratio of the inductor around 4 or 5 (fixed during the design) and vary the duty ratio from 0 to 0.7 while operating. Beyond this range of duty cycle and turns ratio, the losses become significantly higher. High voltage gain is achieved without using extreme duty cycle values, which is a big advantage over conventional step-up converters. One of the reasons for high efficiency in the proposed converter is reduction in the switching loss during turn-on due to low loss switching. Table IV provides a comparison of the key circuit parameters of a conventional boost converter with proposed high gain converter for identical applications and specifications. Looking at these numbers, the superior performance of the proposed converter is quite evident. The Euro efficiency and CEC efficiency [28] for the proposed converter are obtained as follows: Euro Efficiency = (0.03×90% + 0.06×93% + 0.13×95% + 0.1×96% + 0.48×97%+ 0.2×96%) = 96% CEC Efficiency = (0.04×90% + 0.05×93%+ 0.12×95% + 0.21× 96% + 0.53× 97% + 0.05× 96%) = 96.02%.
